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By T&avid M. straight +I E&cold Gold. 

a Dlejthod of distributing fuel eqEzgdly to a plurality of spray 
nozeles ina gas-turbine enginebymeans ofbslanced-diaphra~fuel 
distributors is presented. The ezperimantal performance 8 of three of 
ei&t possible distributor arrangements are discussed. An analysis 
of all eight -gemeIlts is incltlded. criterions are given for 
choosing a fuel-distributor szrsqement to meet apecffic fuel-system 
requirements of fuel-distiibution accuracy, spray-nozzle pressure 
variations, and fuel-system pressures. 

Dsta obtained &th a model of one distributor arrangement idif- 
cated a =xImum dev&tfan from perfect distribution of 3.3 percent 
for a 44 to 1 range (19.5 to 862 lb/k) of fuel-flow rates- The 
msximum distributi pressure drop ~8s 125 ponds per square inch. 
Thems~~nsedtoobtaiatherequiredwiderangeofflar~~l 
in-the &is-&ibntorvalves consisted invary%~~gthelengthofa 
CanrJtantmea flow path. 

The problem of suppI& liquid fuel to a plurality of fuel- 
spray nozzles in gas-turbine engines has become more dlf'ficult as 
operating ranges have widened. Fine atdzation must be provided 
over a wide ran@ of fuel-flow r&tee to obtain high efficiencies 
in the combustfan chamber. Excessive fuel-system pressures must 
also be avoided. Spray-nozzle pressure characteristics that meet 
these requirements introduce the additiaual problem of maintau 
uniform fuel distribution to this plurality of nozzles. 

With simple fixed-mea fuel nozzles (reference I) fed by a 
manifold, very low pressure drops must be employed in the low flow 
range in order to avoid excessive fuel-system pressures in the high 
flowrsnge. With low pressure drops, however, the differences in 
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elevation of the nozzles have a marked detrimental. effect on the 
fuel distribution. In addition, low nozzle-pressure drops result 
in pcor atom&cation of the fuel. 

The double-manifold duplex-nozzle system (reference l), which 
was intrroduced as a means of obtawwiderflow-rate ranges with 
reduced pressure ranges1 alleviates the elevation effects at very 
low flow mtes but not at in%rmedia te flow rate0 where the flow 
through the seccmdfsy slots is small. The poesibility of back flow 
from one nozzle swirl chamber to Xnoth~~ througk~ the seccmdary mni- 
fold also necessitates accurate mtching and introduces a degree of 
uncertainty as to fuel distribution accuracy after the nozzles have 
been in service an the engine. 

. 

. 

The single-inlet duplex nozzle (reference 2) eli&nates the 
possibility of back flow but requires the use of closely matched 
spring-loaded valves. Slight shifts in spring position or slight 
differences in spring set m&e the raatching of this type of nozzle 
very difficult. Matching of the single-inlet multiplex nozzle, or 
variable-area nozzle (reference 31, becomes physically impossible 
when tide flow-rate ranges (in excess of 20 tc 1) are desired with 
very narrow preesure ranges (2.to 1). The problem of matching 
low-pressure-rise VafiabLe-area spray nozzles is illustrated by the 
followingfigurewhere the calibrationof twohypothetical spray 
nozzlee are indicated: 

80 Calibration spread 
Nozzle_ 1 

Xozzle 2 

error 

I I I I 

Fuel flow 
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When both nozzles are operated at the ssme pressure as indicated by 
the dashed line, the flow error is very large in spite of the emall 
calibration differaxe. 

s 
If a greater slope of the calibration curve 

uan be tolerated the flow error is reduued. . 
CD 

The vaporizing-type of burxktr fuel system presents virtually the 
ame distributicm problem as the simple fixed-area-nozzle fuel system. 
Low pressure drops across the metering orifices at low flow rates 
introduce serious errors due to differemes in elevation of the points 
of liquid-fuel entry. 

A preaticel approach to the solution of these spray-nossle 
problems is the application of a sepmate device for us&staining 
fuel distributicm iudepeudently of spray-noszle-flow resistances. 
Theremvelof themteringfunctionfromthe spraynozzleallows 
greeter freedom in apray-nozzle casstzuctioqandtherefore improVea 
fuel atomization, and reduced msximm fuel-systerd pressures. A study 
of possible means of coutrolliug fuel distzibution to sevemJ. 
nozzles in a 91841182 that would be independent of nozzle-flow w res18tancesw.s therefore sCarted iu1945attheaAcALeuis 
labomtory. Themethod selected is basedonthe uontrolofpressure 

* differentials &cross fixed orifices. ~rimental bench results 
obtained with a basic fuel distrributor that supplies four spray nozzles 
Operating on this principle were reputed iu 1946 in a now unavailable 
report. This report was later reissued (refereme 4). The results 
of an inrestigation of a basic fuel distributor that feeds 14 f-d- 
area fuel nozzles am a bench and on a gbs-turbine engine are 
reported in reference 5. Use of a distributor havTng a modified 
pilot system far feeding 14 variable-area fuel nozzles in au engkm 
is reported in referasce 3. In the presentreportthemodified 
pi&t Sptela is termed "a Self-Setting pilot". 

This report presents a stmmtia of the fuel distributor 
bench results ticluded in references 3, 4, aud 5 and, in additicm, 
inoludes erperintentalben& data on a new fuel distributor srrange- 
ment whioh feeds 10 variable-area nozzles that have a much wider range 
of fuel-flow rates. Analyses are preeented af the eight possible 
distributor arrangements obtaiued by comMuations of fixed-area 
audvariable-area compouentsand thebasicand the self-setting 
pilot syetelas. Some distributor epplicatiou cmsideraticms are 
also treated. 
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Baeic Fuel Distributor 

The simpleet arrangement for distributing fuel to varioue spray 
z~oezlee by the principle of controllIng pressure differentials 
across fired orifices is schematically shown in figure 1. Fuel ie 
delivered to the di&zibutor under preseurs through the inlet and 
filla the nnnifold paesage. Rmm the mudfold passage the fuel 
flowe into the individual &fold branches through the rPettched . 
metering jets and the diaphragm-operated equalizing valves to the 
individual-branch spray nozzles. Fu81alsoflows fromthe -fold 
passage into the pilot branch, through the pilot metering jet and 
the regU3tir jet, to the pilot spray nozzle. The pilot apray 
nozzle is th8 same ae the branch spray nozzles and is also used to 
supply fuel to the engine. 

By IMUUJ of the pressure-equalizing passage, the static pres- 
sures in the individual. chambers A are maintained equal. The control 
diaphragme that separate &aiSbersAaadBpositio~the equalizing < 
valves until the pressure in chambers B are equal to the preeeuree , 
in chambers A. 

* If the branch spray-nozzle preasuree are equal to the pilot 
spray-nozzle pressure, the static-preeaure drop across each 
epualizing.valve will be equal to the static-preesure drop across 
the, regulator jet. The open ar8a of the equalizing valves will 
then be proportional to the area of the regulator jet. If any one 
branch spray-nozzle preeaure should rise above the pilot spray- 
nozzle pressure, the equalizing valve in the branch supplying that 
nozzle would have a reduced static-pressure drop and would move to 
a position of larger opening. If, on the other hand, any one branch 
spray-nozzle pressure should fall below the pilot apray-nozzle pres- 
e'ze, the reverse would occur. In either caee,' the static-preeaure 
drop across the branch metering jet remaina equal to the drop acrof38 
the pilot metering jet and the quantitative distribution of fuel is 
undisturbed. 

A test model of the basic distributor wa8 conetl-sl;ed sub&an- 
tially a6 ehown schematically in five 1. Photographs of the model 
are shown in figure 2, where figure 2(a) shows an aesembkd distri- 
butor and figure Z(b) shows a disassembled view of a section for 
feeding fuel to two spray nozzles. 
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Modifications of Basic Distributor 

Self-setting pilot. - As subsequently shown, there IS con- 
-P siderably more latitude in rsnge of ccxrtrollable spray-nozele pres- 
!g sure8 for the basic distributor when the branch spray-nozzle pres- 
cc . sures are below the pilot Spy-nOZZle preSsure than when the branch 

spray-nozzle pressures are above the pilot spray-nozzle pressure. 
It is therefore desirable to set the pilot spray-nozzle pressure 
slightly above the highest expected brsnch spray-nozzle pressure. 
The highest branch spray-nozzle pressure that will exist during 
operation is, however, difficult to anticipate .with spray nOzZleS 
-that are subject to variations in their pressure levels, such as 
variable-area spray nOZZl88. IiWrthermore, the pressure level of 
the pilot spray nOsZl+ mS.y fall whereas the pressure level of-the 
branch spray nozeles may rise. The addition of a means for auto- 
natic8u.y setting the r8EiStanC8 of th8 pilot spray nozzle to equal 
the highest resistance of the branch spray nozzles becomes essential 
if the proper performance of the distributor Pa to be assured. The 
term "self setting" is applied to this type of distributor. 

* 

. 

r 

A self-setting distributor em@oys a springless diaphragm- 
operated-pilot resisixnce valve, located in the pilot branch 
upstream of the pilot spray nozzle , that is automaticallyventedby 
a multiple pressure selector to the branch line feeding the spray 
nozzle having the hi&e& resistance. As schematically shown in 
figure 3, each branch line feeding a nozzle is vented to a 
diagbragm-operated check valve. If the pressure in one of the 
branch lines is higher thsn the preseure being transmitted to the 
opposite port of the check valve , the check-valve diaphragm is 
movedupwardas ahowninthe center branchoffigure 3snd the 
branch pressure is transmitted downward. If the pressure in the 
branchlin8islower thanthe pressure transmitted to the opposite 
port of the check valve, the diaphragm is moved downward, and the 
higher pressure entering the lrpper port is transmitted down-d. 
In this -ert the highest pressure existing in any of the branch 
lines is transmitted downward to chamber C. The diaphragm-operated 
pilot resistance-valve pusitioris itself to maintain the pressure in 
chamberD equal to that in chamberc. The regulator jet therefore 
always discharges into a pressure equal to that existing in the 
branch Une feeding the nozzle whose resistance is highest- In the 
event the pilot spray nozzle should have the highest resistance, 
the pilot resistance valve moves to a wide-open position and the 
regulator jet again discharges into a pressure equal to that 
existing in the branch line feeding the nozzle with the highest 
resistance. 
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A test mOde1 of the self-setting distributor was constructed 
substantially as schematically shown in figure 3. A photograph of 
the model is shown in figure 4. 

. 

8 
Variabl8-aZWa r8g&%tOr jet. - The basic and self-setting 

distributors described have fixed-area regulator jets. Because the 
pressure drop across a fix8d-area jet varies a8 the itqume of the 
flow rate, the pressure drop at high flow rates may be excessive 
when a satisfactory pressure drop is used for the miuimum fl0w rate. 
Substitution of a variable-area regulator jet would Improve this 
condition. The pressure drop across a variable-aree. regulator jet 
can be zpade a linear function of fual-flow rate and can be a nearly 
constant value. 

The variable-area pilot regulator jet is shown in figure 5 as 
a spring-loaded valve. The pressure differential across the valve 
acts on the area of the movable m8mber, opening the valve agaInat 
the spring tensian. For each fuel-flow rat8 there is One value of 
open area of the valve and One value of pressure drop. 

. 
The variable-area regulator jet was added to the self-setting 

distributor model previously discussed. 

Variable-area me&Zing jeta. -Theareaofafixed-area 
metering jet it3 selected on the basis Of th8 minimum pressure drop 
that can be controlled accurately by the equalizing valves. For 
very wide fuel-flow ranges, where excessive preseure drops may 
occur at the high flow rates, variable-area metering jets are 
necessary- The flow pressure-drop relation of th8 variable-area 
metering jets is substantiaUy lfneeur and the maximum pressure drop 
cm be kept at a reasonably low value- 

A schematic diagram of a method of incorporating variable-area 
metering jets ti a distributor is shown in figure 6. Metering 
orifices are drIlled in the sides of the inlet manifold and a 
elfdlng sleeve fits inside the manifold with drilled holes mating 
the holea in the manifold. The sliding sleeve is operated by a 
diaphragm vBIlted to the downstream pressure of the pilot metering 
jet. The pressure in the manifold acts on the diaphragm agalnst a 
spring load and the vent pressure to mOve the sleeve and Increase 
the open area of the metering jets upon kcreaae in pressure dif- 
ferential across the diaphragm. 

A variable-area metering-jet unit cantaining four jets was 
constructed in order to study the accuracy of fuel metering by this 5 
modification. A schematic diagram Of the variable-area metering-jet 
unit is shown in figure 7. i 
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c Disizibutor combinations. - Several other combinations of 
'distributor tiifications sre possible (for example, a basic distri- 
butor with variable regulator and metering jets). The SymbOla 
deflned In appendix A are u~8d. in an Sual.y~i8 Of CharaCteriBtiCS Of 

E 
eight possible distributor combinatlons givan in appendix B. 

co 

The bench apparatus used for investigating the performance of the 
fuel distributors is shown schematically in figure 8. The to-1 
flow to the distributors was controlled by a throttle valve in the 
supply line. Fuel-flow rat88 to Bach spray nOsZl8 were measured 
with rotameters. Arotameter coveringarange of 15 to 150 pounds 
per hour was connected in series with a rotam8ter having a range of 
100 to 500 pounds per hour. Above 500 pounds per hour the bench 
connections were so arranged that two LOO-to-500-pound-psr-hour 
rotameters were connected in parallel, which allowed a maximum 
measurable fuel flow of loo0 pounds per hour per nozzle. !lZe pres- 
sure drop across the distributor c ompon8nts was measured by 
zpanometera for low values (up to 100 inches of fuel) end with 
calibrated pressure *gee for high values. 

The variable-areamstering-jetunitwas calibratedwith air cm 
au orifice comparator and the four holes were ma&&& by polfehing 
with crocus cloth to obtain equal flow rates at the positions of 
nraximum area. Other area settings were obtaInable by adjusting 
the inner sleeve position (ffg. 7) by means of theadjusting scr8wo 
The holeswere maintained inline bym8ans ofanaliningpinend 
the positian of the inner sleevewas Fndicat8dbyadialindicator 
readingto O.COClinch. 

s 

A schematic diagram of the bench apparatus for calibration of 
the variable-area metertig jets tit31 fuel is shown in figure 9. 
Fuel enters the housfng and flows through the metering Jets. The 
flow rate through each of the four lines was measured by rotameters. 
The pressure differential across the jets was measured by an 
Inverted U-tube for low pressure drops and a mercury U-tube for 
high pressure drops. ~essur8 differential across the metering 
jets was cmtzolled by means of valves installed in each line 
downstream of the jet. Thedownstr8ampressure oneachmetering 
jet was tidicated by a bmk of manometer tub& installed as shown 
in figure 9. P'ressure drop, fuel flow, and sleeve position were 
obtained for each variable-area metering jet for each calibration . 
point. 

, 
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The fuel used for all bench investigations was AN-F-32. 

Rotameter accuracy. - Accuracy of flow measurement is en 
important consideration In determining th8 accuracy of cm*01 of 
flow rates. Rotameters have an inherent possible error of 1 percent 
of the full-scale reading. For example, a rotameter covering a 
range of 15 to 150 pounds per hour irould have a possible rsndom 
error of 1 percent of 150, or 1.5 pouuds per hour. This errormay 
exist at a reading of 15 pounds per hour, at which point the per- 
centage error would be 10 percent possible random error. !RLLS 
possible random rOtSJJBt8r 8rrOr must be COnBider8d in a study of 
the data to be presented. 

Basic Distributor 

The basic distributor model investieted was used to feed 
14 mismatched fired-area fuel-spray noeslee selected to give a dif- 
ference in flow among the nozzles of *lo percent at the same pree- 
SW?8 drop. The accuracy of fuel distribution obtained from this 
basic distributor when feeding these 14 nozzles is shown in 
figure 10. Above a flow rate of 100 pounds per hour per nozzle; 
the maximum deviation from perfect distribution was 3.5 percent. 
Below 100 pounds per hour per nozzle, the fuel distribution became 
l.888 aCCUL%te and r8aChed a maximum Of 7.5 p8LVXnt deviation from 
perfect distribution at the minimum flow rate of 33 pounds per hour. 
At this flow rate a possible rotameter error of 4.6 percent exists, 
as irdicated by the dashed lines in figure 10. The break in the 
dashed lines at 150 pounds per hour indicates the transfer point of 
flow indication from one rotameter size to another. 

The marked demure of the fuel distribution from perfect 
distributicn at the low flow rates is attributed to failure of the 
equalizing valves to accurately control the downstream pressure of 
the metering jets. Inasmuch as the basic distributor has a fixed- 
area regulator jet, the pressure drop across the 8quaXzing valve 
is low at low flow rates. In the eventofdeparture of a spray- 
noecle pressure from the rated pressure, only a sroall transient 
pressure differential exists to act on the equalizing valve 
diaphragm to mOve the valve to a n&r position. The force created 
by the small pressure differential may not be sufficient to 
com;pletely OVerComB the friction forces of th8 piston sliding in 
the valve sleeve. 
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The pressure drop across the basic distxibutcxr is shown in 
figlX8 11. Data are presented for the 3p3ssure drop auross both 
the metering j8t and the regulator jet; the distributor preSsUr8 
drop is the sum of the pressure drops across the two jets. The IpEtl=L- 
mum pressure drop is 70 pounds per square inch at a flow of 
300 pounds per hour, Which is not excessive for the narrow range 
(9 to 1) of fuel-flar rates covered. If therang 0ffuelfloWs 
were subetantially increased, however , themaxinmapressure drop 
wouldbecame very great. 

The range of controllable mray-nozzle pressures is shown in 
figure 12. These data vere obtained by substitution of a needle 
wlve in place of one of the fixed-area spray nozeles. The n88dle 
valve Was adjusted in successive increments from substantially zero- 
flow resistasce to a flaw r8Sistanc8 Where the equSlizing valve in 
that line became inoperative at its Wide-open position. The distri- 
butormaintaineda substaatiallyc~s~tfuel~lcrw~o~the 
needle valve over the f"uU range of flov r8sistsnc8 from 0 to 1.46 
tiIW8 th8 ratsd Spray-nOZZle reSit3~Ce at all fuel-flOW rates. The 
basic distributor will therefore distribute fuel to spray nozzles 
havingresietances equivalenttoanyvaluewithinthe shadedarea 
of figure 12 With the accuracy ShoWn in figure 10. 

~dificaticms of Basic Distit?ibutor 

Self-setting distributor. - The self-setting distributor model 
investigated Was Used to feed 14 variable-area fuel-my nozzles. 
The calibration spread of the nozzles us8d is Shown in figure 13, 
Where the dashed liae illustrates the condition of severe tis- . 
Illatching. At a pressure drop of 55 pounds per square inch, one 
nozzle will flow 58 pouuds of fuel per hour etnd another nozzle xUJ. 
flaw 24Opoundsperhour. Fuel-distribution accuracy of this self- 
setting distributm feeding the 14 fuel nozzles is shown in 
figure 14. Above a fu81-flow rate of 100 pounds per hour per nozzle 
the maximum deviation from perfect distribution is 2.8 percent. 
~~w~~poundsp~hour~el~aximumdeviationis 5.6 percent. 
Comparison of these data with that of figure 10 indicates only 
alight improvement in distribution accuracy above that of the -sic 
distributor. As previously discussed for the basic distributor, 
the inaccuracy at low flow rates is due to equalizing valve 
positioning errora, whichresultfromthe lowpreasur8 dropacroSS 
the fixed-area regulator jet. 

I The pressure drop across the model of the self-setting distri- 
butor iIlV0Sti&8d 18 th8 Same 88 that Of th8 mOde1 of th8 basic 

.J distributor shown in figure ll. 
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The range of spray-nozzle pressur8e that can be compensated 
by the self-setting distributor is limited only by the minimum 
area of the equalizing valve in the branch line feed- the nozzle 
with the lowest pressure drop. Th8 lTUi@ Of Sp~-nOZZh3 pl?888~eS 
that can be compensated by the self-setting dietributor model 
inV8Sti@i8d 18 ShOWIl in figure 15. The contro~ble range of 
spray-nozzle pressures for this distributor was calculated from 
the actual dimensions of the equalizing valve used. For the higher 
flew rates, it is apparent that an extremdy wide range exists. At 
lower flew rates, however, a limited rs.zqe exists, and at 20 pounds 
per hour per branch line the controllable rang8 is just sufficient 
to ccmpensate for the nOXTB1 variation of variable-area spray- 
nozzle resistances. The improvement in range of controllable 
nozzle pressures by use of a self-setting distributor in place of 
a basic distributor is apparent from comparison of figures 35 and 12. 
For example, at a flow rate of 120 pounds per hour the self-setting 
distributor (fig. L5) will control the flow to spray nozzles having 
a dtiference of 600 pounds per square inch pressure drop compared 
with a difference of 32 pounds per square inch between nozzle pres- 
sure drops for the basic distributor (fig. 12). 

Variable-area regulate jet. - Ten ~iable-EW8a fuel-spray 
nozzles with a 45 to 1 range of fuel-flow rates were fed by the 
experimental model of the self-setting, variable-area regulator-jet 
distributor. !Phe calibration spread of the 10 nozzles is shown in 
figure 16 and the unmatched condition of these nozzles is illue- 
trated by tie dashed Line. At a pressure drop of 52 pounds per 
square inch, one nozzle till flow 100 pounds of fuel per hour and 
another nozzle will flow 450 pounds of fuel per hour. Dietribution- 
accuracy data for a 44 to 1 fuel-flow range were obtained with the 
distributor feeding these nozzles (fig. 17). This 44 to 1 range 
represents an increase of approximately four times the useful range 
of the basic distributor. For a range of flow rates from 93 to 
862 pounds per hour per nozzle the maximum deviation from perfect 
distributi~ was 2.2 percent.' Above 90 pounds per hour, 75 percent 
of the data are within 1.5 percent of perfect distribution. The 
znaximum deviation from perfect distribution is 3.3 percent and 
occurs at the m fnimum flow rate of 19.5 pounds per hour. 

. 

The improvement in accuracy of the self-setting, variable-area 
regulator-jet di8tributOr over the basic and self-setting distri- 
butors is appent from comparison of figures 10, 14, and 17. For 
example, at 33 pounds per hour the fuel dfstzibution error is 
reduced from 7.5 to 2.8 percent. 

. 
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The improvement in accuracy over the wider flow range is 
attributed dfr8Cw to the us8 of the variable-area r8guktOr jet- 
The flow-pressure-drop relations of the self-setting variable-area 
regulator jet distributor sre shown fn figure 18. At the minimum 
flow rate of 19.5 pounds per hour, the pressure drop acro88 the 
regulator jet is XL pounds per square inch compared tit& O-27 pound 
per square inch for a fixed-area,regulator jet. Because the distzi- 
butor sets up a Similar pmssure drop across the equalizing valves, 
a sufficient transfent-assure differential on the qualizing- 
valve diapbraepl is produced, which ov8rcam8s the friction forces of 
the valve piston eliding in the sleeve in the event a new valve 
position is required. 

The maximum pressure drop across the self-setting distributor 
with a vsxiable-ar8a r8gI&%tOr j8t (fig. 18) IS 125 pound8 per ~4-8 
inch at tie maximu7n fu8lfl0w for the 44 to lrange of fu81-flow 
ratesas comparedwith 65 pounds per square inchatthemaximum fuel 
flow for the 10 to 1 range of the basic distributor. The znetering 
jet contributes more to the rmximum distributor pressure drop than 
the regulator jet. A substantial improvement over the basic and 
self-setting distzibutors is indicated by cosparison of figures ll 
and 18. 

The range of spray-nozzle pressures that can be compensated by 
the distributorwas coraput8dfrcnnthe dimension8 of the equalizing' 
valve and is showr'in figure 19. This distributor will distribute 
14 pounds of fuel per hour to each of sev8rsJ. spray nozzles having 
a sax&sum differ8nC8 of 800 pounds per squsre inch pressure drop- 
The self-setting distributor will distzibute the same fuel-flow 
rate equally to spray nozzles with a maximum difference of only 
7 pouads p83? aQUar8 inch (fig. 15). The substantial improvement 
in range afforded by the VEkriabl8=ea regulator-jet distributor 
iS due to the use Of a VEWiabl8 length Of flow path in th8 
equalizing valves (discussed in appandix C), which results in a 
very slnall m  Vd.Ve effective area. The VSXiabl8-eX8a 
regulator jet sets a finite kLmit great&? than z8ro fuel flow due 
to the initial spring load below which the distributor will not 
function. 5!hiS urait for the naod81 inveSti@ted 18 aboUt 
1.5 pounds per hour, which is below the range of fuel-flow rates 
used for the investie;ation. 

Variable-area metering Jets. - Eeti obtained from Fnvesti&-' 
tion of the variable-area metering-jet unit are shown in figure 20. 
The effective areas of th8 four jets are plotted as a funotim of -. 
th8 fuel-flOW J&X thl-OU&l WCh jet. Th8 connected data point8 i 
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were taken with the same setting of actual mebring-jet area at 
various pressure drops. The pressure drops are indicatedbythe 
radial lines. 

The sUefit decrease of effective axea as the fuel flow is 
increased indicates a decrease in the flow coefficient as the 
pressure drop ie increased. .The percentage value8 preeented In 
figure 20are the naximumarea deviations fromthe mean of the 
four areas at the pressure drop where the gmatest variation 
between the four area8 exiate. It is obvious fromfigure 20 tha 
the four jete are not perfectly matched, with maximum variations 
of as much as 16.2 percent and -10.0 percent at smU area settings. 
It is believed, however, that the jets could have been more accu- 
rately matched by improved fabrication technique. Jet number 2, for 
exam&, has a smaller effective area thsn the other jets at every 
area setting and it is poesible that the percentage deviation could 
be reduced by increasing the size of this jet. 

The dashed line in figure 20 represents a typical operating 
curve foravariable-area metering-jet unit installed in a distri- 
butor,from which 'the fuel-flow rates the effective area, and the 
preseure drop may be determined. The position of the operating 
cuxve at the minimum fuel-flar rate is de terminedbyacoqromise 
between small area8 where large area errors occur and low pressure 
drops where control of the pressure drop is less accurate. Data 
presentednear the operating curve infigure 20 indicatean 
aocuracg of 3.3 and -3.2 percent along the dashed line. It ie 
believed that au accuracy of &2 percent can be achieved for an 
operating curve by improved fabrication technique. This accuracy 
is mmewhat lese than can be obtained frara fixed-area metering jets 
where fl percent has been obtained.. The maximum pressure drop 
across vaziable-area metering jets, however, my be seatly reduced 
compared with fixed-area metering jets for very wide ranges of 
fuel-flow rates. 

Vibmtion 

During the bench runs of the distributor models, the effect of 
vibration an distributor performan ce wae determined by vibrating 
the dis~butorwithanair-operatedmSc~Calvibrator. Vibra- 
tion had little effect on performance except at branch flow rate8 

-below 100 pounds per hour where the distribution accmracy was 
slightly improved. The fuel-distiibution data obtained in engine 
tests of two distributors (references 3 and 5) indicated that 
enginevibrationalso causeda elightimprovementindistributor 
performme. 
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Distributor Selection 

In order to select a fueldistiibutor to meet specific fuel- 
system requirements, a study of the requirements must be made. 
Factors that muet be considered are: the flow range required, the 
fuel pressures available, the accuracy desired, and the range of 
spray-nozzle pressures that must be compens8ted. By usiug various 
mbinations of fixed-area and variable-area metering and regulator 
jets tith the basic or self-setting distributor, eight combinations 
are possible. Wthemstical expressions for distributor operation, 
range of spray-nozzle pressures, and diatributtx pressure drops for 
these combinations are given in appendix B. A discussion of dlstri- 
butors suitable for feeding fixed-ares and variable-area spray nozzles 
is also included. 

The final selection of a fuel distributor must be a compromise 
tomeettherequiremnts of a givenapplication. For example, a 
self-setting, vsriable-etrea regulator jet distributor was found 
most satisfactory for a 50 to 1 range of fuel-flow rates, but exces- 
sive fuel-eystem pressures would result for 8 100 to 1 range of 
fuel-flow rates. For a 100 to 1 range of fuel-flow rates, a distri- 
butorwithvuriable-areamatering jets wouldhave to be used in 
spite of the probable poorer accuracy of distributing fuel. Another 
consideration in the application is the a-a zknge of the distributor 
equalizing valve, which may be as great as 241 to 1; such a range pre- 
sents a valve problem. A useful principle for obtaining a wide-Fnge 
valve consists of the control of flow rates by varying the length 
of a constant-axeaflowpRth. A ccmpa.risonmadebetweenavariable- 
length and a variable-area valve indicated that the minimum area 
required for a variable-length valve was more than 10 times the 
minimum area required for a variable-area valve for the same c&i-, 
tions . These and other oonsiderations are discussed fn appeudix C. 

Aperfm ce study of balanued-diaphragm-type fuel distri- 
butors showed that no one distributor was best for all applfcatims 
an&a comprolnisevasneces~dependingonthefollaring factors: 
flow range required, fuel pressure available, accuracy desired, and 
the range of spray-nozzle pressures to be ccqxmsat8d. For exarqle, 
variable-area meterdng jets were found less accurate than ffxed-area 
jets but the nssxWum pressure drop was cmsiderably reduced for very 

c wide (100 to 1) ranges of fuel flow rates. 

Improvements in dfaMbutor performance were obtained by mdifi- 
cations of the b&sic distzibutor. The addition of a self-setting 
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pilot to this distributor greatly Increased the range of controUble 
spray-nozzle pressuream Replacing the fixed-mea regulator jet with 
a variable-ares regulator jet resulted in improved distribution 
accuracy and greatly reduced the pnaximum pressure drop- A model of 
EL self-setting distributor with a variable-area regulator jet dia- 
tributed fuel from 19.5 to 862 -pounds per hour per nozzle (44 to 1 
rsnge) to 10 variable-area nozzles with a mximum deviation from 
perfeot distribution of 3.3 peroeqt.. The maxdmum fuel-dibtributor 
pressure drop was 125 pounds per square inch. The wide range of 
flow control Fn the valves of this distributor was obtained by 
vsryingthelengtihofa aonstsut-srea flowpath. 

Haticmal Advisory Committee for Aeronautias, 
Lewis Flight Propulsion Laboratory, 

Clevelsqd, Ohio. 
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a 

The followhg symbol 
inappendixes Band C: 

A 

C 

g 

J 

K r 

N 

n 

AP 

W 

P 

effective flow area. 
sq In- 

opening preeeure of 

APFXNDIXA 

SYMBOLS 

notations are used in the analgsis given 

(actual area timee flow cmicient), 

sprh&oaded flow device, lb/8q ino gage 

I.5 

-~vitational constsnt, 32.2 ft/8ec2 

dimensional con8kn-b in flow equation (for AN-F-32 fuel, 

J = 5.88 x 10 -5L 

pr886Ure-??i88 coefficient Of spring-loaded f&W devfce, 
hr/21L2 

AmaX ratio of riux&Qum to minimum effective area = h 

unit CC3lV8r8fOIl f&C+ar, 3 - 300 (88C/hr)(ft/iII.) 

pressure drop, lb/q in. 

branch flow, lb/hr 

density of fuel, lb/m ft 

Sub8CripiX: 

b branch meterfng Jet 

C fuel distJ?ibutor 

0 fuel nozzle 

m pilot metering Jet 

P pilot fuel nozzle 
r r pilot regulator jet 
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V WJJl6khingtiV8 

8 pilot re8i8tEbnCe V&V0 

max- 

R rated 

mcARMlEoFo5 
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338 8~8rimental fUel-distribUtOr model8 COlI8isted Of-a ba8iC 
dietributor and three modificatiaU8 t+ the basic dietribu-kr. It 
18 po88iblet-o CCXI8trUCt eight CCkbiIIRtiCEI8 Of ba8iC and modified 
form8 of the distifbutor. A8 tin be discussed in th8 &1%%ly8iS, 
dfstributore WithoUt th8 88lf-68ttiUg feature IW8t be adjusted Or 
pr88et for t&I8 WtiCu tSp8 Of 8pZSy IIOZZle8 thgtt i8 t0 be 
used. Distributors tithoUt th8 88lf-88ttfng fatlllF8 &Fe r0feZTed 
t0 &8 pr888t Or p6 dietributore, and 88lf-88ttfng distribUtO~8 =8 
referred to a8 s distributors. 

I& order to 81mplifs the WSiS the eight pO88ibl8 combina- 
tiOU8 are di'vided intO two groupe; th8 PS diStiibUtOr8 and th8 
Ss df8tribUtOr8. Th8 eight distributor em73Rgemnt8 are identified 
by the fOuw Cod8 8y8t8m: 

-888t Di8WibUtOr8 

Ps -888t With fiXed-ar= jet8 (ba8iC distrfbutor) 

PS-VR Be88t with variable-area r8gUktm jet 

PS-VM w88et With v&riable-area metering jet8 

Ps-VR-VM ~88etwi-khVEWiable-ar~ r8~tCXandlIBterklg j8tS ' 

Self-getting DietribUtOr8 

ss Self-setting with fixed-area jets 

SS-VR ,S8lf-88tting With variable-area r8@tOr j8t 

ES-VI4 Self-8etting xii21 variable-area 7&etering jet8 

ss-VR-VM Self-setting tit& variable-area re@.&tor and -t&ring jet8 

Line drams of the 8ightdi8tributorarrangeme&a exe shown in 
figure 21. 

It i8 d88irabl8 to Op8mte a fU81 di.8tribUtOr with 88 low a 
7ELXimUm p888Ur8 drop 88 pO88ibl8 CcnZSiStent with gO& aCCUXBCy- 
Th8 pr888tlr8 drop BCrO88 8 distzibutar and the aCCUZBCy Of fUel 
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di8tributiOn depend on th8 dimentilional W-8 Of the di8tHbUtOr 
COIlQOIleIlt8 r8titiVe t0 the f'llel-flOW r&t*. Amtaximumareet limita- 

. 

tion 8ri8t8 for -Ch Of th8 ?'e.??iOu8 distributor C~On8nt8 t0 
insure a reeL8OIY%bl8 distribution accuracy, BetSUS Of th8 COltlpCZI8nt 
Sic8 limitation th8r8 i8 a tEiIIimUm re8IIltant distributor pr888Ilr8 

-drop. 

bl order t0 establish the IWlg8 Of fuel-flow ZXte8 that c&zl be 
equally dietributed 0~61' a range of spray-nozzle and distributor 
pr888lJre drOp8, & study Of the characteristic8 Of the dietributor 
COllQCIn8ntS i0 IleC88SEU'yc 

In this eJl.%ly6i8 th8 pilot branch feed8 oII8 Of th8 eI@Il8 
fuel-spray nozzles. Both fixed-area and Variable-area fuel-spray 
IlOZZleB -8 considered. 

Pr888t Distributora 

Distributor Op8ELtiCXI. - Under any oper&ting condition th8 Bum 
Of the pr886lE8 droge thrOU&aTlgk%IEh iS equal to th8 8uIEOf th8 
pressure drop6 through 
followwg equ&tion: 

the pilotbranch and z&y be expre8eed by the c 

APb + APv +AP, =APm+hp, +APp 

Th8 di8iXibutOr fUTlCtiCXI8 to maintain apb in each di8kibUtOr 
element equal to APm in the pilot element; therefore, when the 
distributor 38 Witkin th8 U88fti reLzzge Of Op8ELtiOZl, each dietri- 
butor 818m8Ilt is SO OpeIWtfng that 

APV + AP, =APr +APp (2) 

The distributor act8 by varying APv (accomplished by vary3ng AV) 
to COIIlp8~t8 for differeIIC86 in hpe (CEWed by VIIriatiOZIS in th8 
r8Si8taaC8E3 Of th8 VariOllB 8-8 fuel-Spy noZZl88). For qUa1 
flOW8 to each spray nozzle , the meter- j8tEI mu& be snatched 80 
that Ab i8 equal In each dietributor 8lemeWb and aleo 8q1.1~1 t0 
A, in th8 pilot element- 

%IIge Of controllable Eipr?3y-nOZZ1e preseur88. - !I!he design 
r~Utt%~t8 for the r8@&Or j8t and the 8quS1iZ~ VE&1V8El &r8 
determined from equation (2) and the anticipated Variation in 
8pI'&y-n02218 p3?888Ue8. 
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c 
Rearrangement of equation (2) to solve for APv results in: 

APv = AP, -k (APp - me) 

At each Value of flow rate there 18 8 minimum value of equalizkg- 
V&be pr888lZ8 drOp dpv,m based 011 th8 rrmvimum design are8 
A, ,- of the eqmdizing valve. 

The V&1U8 Of hp, c&n be increased from zero to a T&U8 greater 
- @P but only to such a value that the right-hand member of 
eqmtion (3) 18 no greater than AFv,b at the flaT rate considered. 
&pr&y 11022188 OpeZTLting 8t preeeures above thi8 maXimUm controllable 
ZlOZZh pr888U8 Will Oper8te With decreased fuel flOW. 

Th8 3?&Ilg8 Of controllable IlO2218 Pr888LlX88 i8 8 liDeaT fUIICtioIl 
of APr and th8r8fOr8 s!ay be altered by ticreaaing Or decreasing 
&* The range Of COIItiO~bl8 nOzZ1e pressures i8 a&30 dependent 
011 the pilot Spray-nOZZ18 -98SUr0 up. In the event the pilot 

c nozzle pressure APp deCrea888, th8 contro~b18 p888IIre ?T&Ilge bf 
ti the other nozzles ia decreased. If mr 18 small relative to 
hpPj th8 r8Ilg8 Of cmtiollable nOZs1e pr8S8UreS my be PartiCII&Wly 

s small. when APp decrease8 beyond th8 COlltXOllabl8 range Of Opera- 
tion, fU81 Win COnttiUe to f1OW to ti the nOZZle8 but th8 fuel 
distribution W%u be 8 fuIICtiOn Of the nOZZl8 re8i8tanc88. when 
6pp inCrease8 8boVe th8nomiaa1~lI&3,&ccIWate fueldistribution 
is maintained providing AP, 18 IlOt 8XCeS8iV0 bey& the POtit 
Where the ~U&liZfng Valve ha8 re&Ched it8 mfni7nUUL design aI'eS 
+,b. An eXC888iv8 distributor ~eS8Ilz'e drop my be 8 further 
~DlitatiOIlOIl the allow&b18 inma88 in bpp. 

The 8338 Of th8 ~UaliZillg ValP8 lnay be 8XJ3r888ed a8 fO~OWS: 

Themaximumareaisu8uaUyde termined by a design s-C8 limitation. 
The minimum are& 18 determined by Substituting in equation (4) th8 
?lELximum value of bPv obtained frcRa equation (3). Th8 Vakl8 
bp,,mx 8XiStS When dp 

P 
18 at 8 mS.Xi?mmS.nticipated VS.lU8 and 

M8 18 8t 8 minimUm Sd Cip8tEd vetlue. The Va1U8 Of hp, depend8 
On th8 tm8 Of fuel nOZZ1e Used and is di8CUsSed in the next 6eCtim. 

S-pray-nozzle coneiderationa. - FiXed-area Spray nozzle8 hEV8 8 
parabolic flow-pressure-dmp relaticmship and the pressure drop may 
be 8ZQl?888ed 88 fO=OWs: 
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Variations in the resistance of the nozel8s occw when the V&I0 
of A, d8Vi&t8B f??Om A,,R. The percent deviation of nozzle pres- 
8uTe fkOmth8 rated ~eSeUr8 g8Iler~reI&?inS CoII8tSUtOV03? the 
flow range; therefore, the actual pressure deViatiOn8 or range of 
fixed-area n0ZZ18 pr888ure8 i&I&t are t0 be compenwted 18 a fUUC- 
tion of the square of the flow mt8. The regulator jetrequirement 
for a distributor feeding fixed-area spray nozzle8 would then be 8 
device With 8 pl?eBSLZ??e drop that Var3.88 88 th8 BQUELZ.8 Of the flOW 
YZLt8. The fiX8d4ma regulator jet meet8 this requirement. 

Distributors Ps and PG-VM are suitable for feeding fixed- 
area fuel-spray noseleo provided that the higher distributor pres- 
8ure drop at the m.xim fuel-flow rat86 can be tolerated. The 
SiZ8 Of the regulator jet 18 selected to provide th8 neC08SaZ.y 
V8lU.0 Of APr to colqpensate for the anticipated greatest negative 
value of (APp i ae) h quatim (3). The relation for computing 
the 8128 Of 8 fixed-area regrilator jet 18 

Jw Ar Ip - 
d- *r 

(6) .- 

v8~UeS of hpr for Other flOV X’Eit98llEL7h COlQJUt& fkOlU~U&- 
tiM (6) after the vX&le of Ar has been sstebblished. 

VS3?iabl8-amEI spray nozzkm have 8 substantialls linear flow- 
pr*00Ure-drop relatiaa and 
con8t8n-t. Ingeneral, the 
~03kYW8 : 

the presstzre drop can be substanti~y 
3r888Ur8 drop may be eXpT33888d 88 

APp,R = (7) 

vEEtatiOn8 ti the r8SiStSIICe Of the nOZtl88 OCCUI' Wh8Il the 
value8 of c and Re deviate from C 8Ild GR*- Th8 
variable-2 spray nozzle is a spring-fsd8d deVic& and there is 
no correktionbetween thevariations of C, and Ke and the 
flow rate w. 

Pariations of AP, and APp at low flow rates my be as 
tig8 88 at high flow XX.teS. !f!h8 possible VE%?iatiOrLS Of (hp 
in 8quELtion (3) ie then nearly c&tant over the entire fuel- 8 

- ee) 
low 

X'8Ilg8. The regu&tor-jet reqUirem8nt for a distributor feeding 



variable-area spray noz~es woUld th8n be a device with 8 pressure 
drop that i8 ITWTly COn8tWlt oV8r th8 fuel-flC3W ran@. 9218 COIlti- 
tion precludes ~88 of a fixed-area regulator jet, but a variable 

E 
r8&8tOr jet Will IE88t the r8&??8~tS. 

(D The 8Xpr88SiOn for th8 pre8SUI.8 drop 8CrO88 8 variable rem- 
tOr j8t 18 

ALP,-Cr+g;,W (8) 

9!h8 OonStantS c, and q =8 8818Cted to provide th8 Il8C88B&ry 
Va1U8 Of bpr to cOmp8pBate for the anticipated @33ELt88t negative 
value of (APp - Ape) in 8qtlBtiOIL (3). u genSti, 8Sta.bliSh08 
the ValU8 Of bpr 8t the I&&EUIU flOW I'ate and Kr 88 tir 
8t the high88t fl0W r%%t8. 

Distributor8 PS-VR and PS-VE-TI4 are both suitable for feeding 
variable-area fuel-8-y nOzzl88. C~hbt8 fELikIZ'8 Of 8 Varfable+IreE% 
IlOZZb Will UaU&~y restit in 8 nOZZl8-pr888Ur8 drop Ilear Z-0. Th8 
regulator-jet presenre drop APG DlU8t be 88t @eater thazl th8 
lmsxilmlm preesure drop APB,- EUUOIIgth8 Othe?TnOZZk988tth8fk 
rate ConSidered to ItEilntain re&IIktia Of di8tiibUtiOIl if the pilot 
nozzle should fail. 

@t8rillg j8tB. - HO fixed relation 8Xi8t8 between th8 SiZ8 Of 
th8 meter- j8t and th8 O-k&l? dietributor Colapon8ntS. %!h0 8iZO 
iB selected on th8 b&818 Of r-8 Of fuel flow. Th8 j8t mU8t be 
*ge eX'll@l to avoid CJ%vitELtion and 8XCe88ive preSSUr8 drop 8.t 
thOItBti~flOw,~d 8~~enoughto~OdUc8&~888Ur8 drop&t ' 
the minimum flow large enough to be regulated, accuz~~tely by the 
equ8lizing valve. 

Th8 re~tiOnfOrdeterminingt;heI!E~ Of&fixed-area met8riag 
j8t 18 

v8lues of APb for other flOW87Elyb8 comput8dfromeqUation (9) 
after thedlle Of Ab h&8 beeneStablished. 

Fixed-area mSt8ring jet8 rOay be USed for limited fuel-flow 
-08 Without eXC88SiV8 pre88tEO dFOp8. For V8I.7 wide Z'EUIge8 Of 
fuel-flOW mt8, however, 8 VerriELbl8-WeE metertig jet 18 rqUir8d. 
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llhe pr888UZ'8 &O'p Of 8 variable-area metering j8t meby be &pprOXi- 
matedbythefollowingrelatian: 

Apm =&=cb+GW (10) 

The VdU8 Of cb 18 determined from th8 llbbUlD ap, thI3tCaIlbe 
regulated by the equalizing valve for good distribution accuracy. 
!7!h8 W1U8 of Kb is determined by the lllaximUm mb al&Yuabl8 8t 
the marimwnflowrate. Th0lnaXi~anddniW~8&8 Of the VELriablO 
m8t8riILg jet are determined by th8 value Of hpb 8-t th8 IELXimUm and 
minimum flow rates. !i!h8 are8 8t Other flOW rate8 i8 8 fU.nCtiOn Of 
th8 Va1U8 of mb 88 We= 88 Other design cOn8ideratiOnS, euch 88 
th8 ahap Of the variable Orifice , the spring3 load, and the spring 
3FlSt0. EqU8tiOn (lo), however, 18 8 reaeonably Cl088 &pprOXiRBti~ 
of the reeultant flOW-pr8S8Ur8-drOp r8lation. 

Distributor-pr8SeI.W drop. - 93l8 pr8SSUre drop aCrO88 8 p888t 
distributor 18 defined 88 the difference between the inlet preseure 
snd the rated fuel-8pray-nozzle pressure. Assuming l&&t all spr&y 
nozzles are operating at the rated value of pressure drop, it is 
8ppaB3IYt that th8 distributor p888Ure drop 18 the SUm Of the pr88- 
sure drops through the pilot metering jet and the regulator jet. 
Th8 distributor pr88SUr8 drop $8 8Qr088ed 88 

c 

Substitution Of th8 proper r0&LtiOXW for am (equation (9) or 
(10)) and AP, (equation (6) or (8)) in equation (U) will permit 
ComJW&tiOn Of the di8tribUtOr-pr88sUr8 dt?OpS for each Of the 
preset dietributore. 

Self-S8tting M8tribUtOrS 

Distributor operation. - Th8 self-Setting fSELtW8 Of 8 di8tii- 
butor introduce8 an additional resistance term in the distributor 
equation. This resistance term corr88pond8 to the addition of the 
pilot r8SiStanC8 tiV8 ill th8 pilOt.bretnCh. The OpeXTLtiOn Of 8. _._ ._ .___ 
88lf-setting dietributor n@y be 8we888d by the fO=Ouing equation: 

~b+bp,+‘bp,-bp,+~r+bp,+bpp 02) 

Th8 diatributorfunCtionStOmsint&tiz-APb equal to hpm. WUa- 
tion (12) may then be rewritten 8s follows: 
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- 
bpV+bp8 = APr t- dp, + APp (=I 

'Ilh8 88lf-88tting diatribator 8CtS in the eeLme -8r 88 8 p888t 
di8tiibutOr by varying bp, t0 ColqpBt8 far diff8r8lIC88 iIl a,. 

bg8 Of castrolIable fUt3h3pZ’&~-nOZZl8 pre8SlD88. -A 8&f- 
8etting dietiibutor ha8 PO upper IlOZZlS-pX?888Ur8 limit beyond which 
the distributor 18 out Of rang8 due to th8 pilot reSi8tWX'O Valve, 
which matches the r8Si8taIICe Of th8 ptiOt branch t0 tie reSi8taIE8 
Of th8 branch With th8 higheat IlOZZl8 pr888IlI.8. Th8f1OWtO83,l 
spray nOZZh3 IS 8djU8t8d eqal t0 thS f1OW to the uOZZl8 with the 
highest resistance. 

~~g8IUeIlt Of e@3tiOn (13) to SO1V8 fW mv r88tit8 in 

t 
Ateachvalue Of flOWrate there 18 8 - V?3hl8 Of 

~Ud.iting-VZdV8pr088~8&OJ$ A&,& ba8ed OIlthe IpEhIfmUm 
deaie -88. +,- of the 8qURlIZlagvalve. 

All of thevaluesof APe great8rtkLaII APp sx8co?~,p8usated 
W 43 thrOU@l th8 aCtioll Of th8 pr88sUr8 S8l8Ctor and pilot 
r8Si8tanC8 VdVe Which COlEFWi88 the 8df-88ttiIlg f8attEO. For 
valu88 of &P, 
%TitteIl 88 

greater-than APp, the value of AP, maybe 

Aps - %3,m?sx - =p 051 

Substitution Of qUatioP (15) in eqUELtiOn (14) vi= r88fit in 

=, = @, + t=,,,, - 4)) - (16) 

Th8minlTQUlEVa1U8 of m, Wi~OccUr inth8bX'S3lCh1iII8 feeding 
the nOtZl8 With th8 hi&eat pr888IIr8> that 18~ When bp, i8 qIuIl 
to AP,,-. Equa~an(16)thenreducea to 

mIBtiO33 (17) tidicat88 that tih8 fIlKLCtiOIL of th8 re@tOr j8t 18 
to provide 8 pr8SSUr8 drop &CT088 th8 WUaliZing VELlV8 to TBSiWkiI.k 
it in operating range. 5!h8 X'SJl@ Of cmtroub18 IlOZZb pr888Ur88 
is not a fmctiou of the reg-uhtor jet reaistauce 88 it was in a 
preset distiributor. 
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For Wd.UeS Of dpe 1088 than. bp8,- in equation (16), 
r8gukti~ismaintatiedby th8~3qualizingVdV8~ovidfngtbat 
UV is not exces8ive beyond the point where the eqlralizing valve 
baa reached it8 minimum d88tgII area A,,&. 

When bpp' 18gIFeaterthsJ2 dp, in 0qUation (14), the self- 
setting feature iS iIlOp8?%tiV8 and the pilot r88i8tanC8 Va1V8 WYV8S 
t0 8 wide-open position. Th8 V?&I8 Of fl, 18 then 8 fW3CtiOn Of 
th8 SQUar0 Of the flOW rate inrtSI&UCh 88 the pilot r8Si8tanCe Valve 
act8 88 a fiXed-area jet in the tide-open poeition. k practice, 
‘the pilot r88iatanCe VftlVe 18 conetructed With 80 tige 8 mSXimUm 
area a0 18 poesible to prevent an 8XC008iv0 pI?8SSUre drop 8t the 
lllS.XimUm-flOW E3t8. 

Th8 area Of the eq~aliting ~Sh8 iS obtained from eqlzatiOII8 (4) 
and (14) for any desired ccnditicn. 

Di8tYt?ibUtOI'Stabili~. -EqIBtfm (17)FndICateS that APr 
need be on&v bllFg8 8nOugh t0 7IEbFntain th8 8qaaliZing Valve in 
OP==tins -8. The area. of the reguJ.ator-jet could be made a8 
bl-g8 a8 the lIlmdmm Inaemuch 
88 Ap,ul&x 

BX98 f&mx Of th8 eqI.U%lizingValVe. 
18 CCXL8tantOVer thefl~rTl.II~,ELfiXed-areEl r8gLIktOr 

jet is euitable. 

USe Of 8 fiXed-ar@li r8gldBtor j8t 8iZe eqti to Av,- lll%y 
c8US8 cyclingatlowflow Z-&k88 (uptOabOUt= peTC,antOf the mari- 
mum flow rate). &Z&Uae Of low pr8SSIlI.e drop8 8cTOS8 the eqUaliCing 
valves at the low'flow rates, Jarge valve motion8 are necessary to 
compens8te for SSzLll nozzle-pr8ssure ChetngeS. The8e large, motionf3 
o&u88 OV0lXhOOtiIl& Which re8UltS in the Cycling Of fuel flOwSi 
between the pilot fuel flow and the fuel flow to th8 other nozzlea. 
=a smallerffied-arearegulator jet is usedtomsintaina greater 
dPv,min tfi8 distributor Operation will b8 Sb%bl8. US8 Of a tier 
jet, however, will result in a higher di8tribIItor pre88Ilr8 drop, 
which may be 8XC888iVe at th8 IIBXimum-flow rate for wide flOW Fange8. 

A mOr8 deeirable method of OV8rCOming the condition Of ineta- 
bility 18 th8 US8 of 8 variable-area regUk%tOr jet. rPhe pre88In.e 
drOp8crO88 the equetliZingValVe canbe m&itaiaed at a 8Ub8tatltia.l 
level at the low fuel-flow rates. !th0 pre88lC8 &qP at th8 maximUm 
flOwrate Canbe kept&t&mfnimIZll till8 COIl8iStentWiththemui- 
ramarea of the equalizingvalve. The operation of the distributor 
18 euch that th8 Open area Of th8 eqW%liZiIlg VeblVe Will inCreaSe 
With th8 fuel-flow rate when 8 variable-area re@tar jet 18 used. 
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Spray-nozzle consideration8. - A self-88ttipg distributor till 
PXlUit US8 Of anJT tJrp8 fael-Spray IlOZZfe. 'If08 of mriable-area 
epray nozzle8 will require, ingeneral,agre&t8requalizingValVe- 
0X8& range than fiX6d-EJXStl 3lOZZh8 b8CX%II8e they h8V8 8 *@3r pO8- 
Sible prassulr8~iati~atthelawflaPTra~8. 

Metering j8t8. -%Cx%US8 theL=818UOfiXedreh3tiOU between 
the Size Of the mSt8rfng j8t and the Other distributor ConrpOnentS, 
either fixed-area. or mXri&ble-area metering jet8 my be used. 

Di8tiibUtar-pre88Ur8 drop. - The pFe88U?% &Op 8CrO88 8 Self-. 
88tttig distributor 18 defined 88 the differeIE8 between the inlet 
pressure and the highest fuel-8pray-nozzle pressure. It 18 8pparent 
thebt the pr8SSUr8 drQ iS the 8UlU Of the preSetIre drop8 &CT088 the 
pilot metering jet and the regulator jet. BqUation (ll) applies to 
8 Self-setting dietiibutor 88 W8n &8 8 preset distributor. 

A special CBS8 exist8 for 8 88lf-8etthg distributor tie& th8 
pilot IlOZZb preS8ISE8 iS @Z!&ter than w Other nOZzl8 pr8SSUr8. 
!J!he pZ'888UlW C&&J thrOU& the pilot r08i8t&%XX8 V&h8 IEU8t then be 
included, with the result that the distributor preseure drop 18 
givenbythe equation * 

A% = % + BP, + bp, 081 

9!h8 Valtle Of a, iS eXpr8888d 88 

(19) 

'ffheTTkle8 Of bpm and hPr are obtained from equatim (9) or (lo), 
and equation (6) or (8), Whichever 18 applicable for the dfstributor 
Under considemtion. 
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APPDIOATION OFDIsTRIX?I!OR SE= 

The value of the akLy8is of 8ppendix B apay be amplified by 
considering a typical fuel-distributor application. The following 
conditions are assum8d to be r8pres8ntative of? a distributor- 
application problem. 

Flow range 50 to 1 

wmirl 20 lb/hr 

W tUBX 1000 lb/hr 

J 5.88 x 10 -5 -6. (m-F-32 fuel) 

**,min 0 lb/sq $n. 

Ap8,mptX anticipated, 1.5 x APe,R, lb/8q iu. 

The fouowing d0SigIk condition8 me assumed: 

A s,- 

llPb,min 

Apb 

"e,R 

@8,R 

Apr 

APr 

AP r,min 

%3 s-=' 0.025 sq in. (design space limit) 

minimum controllable pressure drop 8cross fixed-area 
metering j0t8, 0.058 lb/sq in (2 in. of AR-F-32 fuel) 

variable-area metering jets, 0.103 + 0.0099 W 

fixed-area spray nozzles, 14.02 x 10M4 W2 (fixed-asea 
spray noZz188 used with distributors PS and 
PS -ml only) 

variable-area 8pray nozzles, 42 + 0.036 W 
-. 

variable-&a regulator jet in present distributor, 
1.5 x AP,,R - 63 + O-O54 W. (This aSSUIlQtf0Xl Win 
permit regulation of fuel distributicm for condition 
when pilot spray nozzle la operating near zero pres- 
BUT8 drop.) 

- 

variable-area regI.iktOr .j8t in Self-Setting distributor, 
5 + 0.02 w 

fixed-i-area re@&tOl- 38-i in self-EWttillg distributor, 
0.1 lb/w in. (stability limit) 
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Dietributor ~l8CtiOI.l 

. 

DiStiibUtOr-pre88uIT8 drop. - Th8 di8tribUtOr-pre8SuL?8 drop for 
the eight di8tzibutor aECZ%ng8mtS m%y be computed by 8Ub8titUtiOn 
of the foregoing conditions in the proper equation8 preeented In the 
S.IIS1ySiS. Th8 r88fit8 Of th8 c&%&LtiOnS Sr8 presented in figLIT 22. 
The pressure drop for distributor8 PS and PS-VM usingfi~ed-area 
nozzl88 was computed with th8 pilot nozzle Operating at the no* 
pr888ur8 drop: If the computation were to include the possibility 
Of th8 pilot nOZZb Op83?&ting s Zero ~808tlI-e drop, th8 pr88SUr8 
drop a~ros8 the distributor at the m~.~imum fuel flow would be 
2257 pound8 per square inch for distributor PS and 2122 pounds per 
square inch for distributor P&V& 

A study Qf figLZr8 22 indicate8 that di8tributOr8 With variable- 
are8 regultxtor jets have greatly reduced maximum preseure drops 
compared to di8tribUtOr8 with fixed-area re@.&tor j8tS. Distri- 
bUtOr With Variable-area metering jet8 S.l80 have lower nmSXimUm 
pr88SIlr8 drop8 than the Bame distributor8 With fiXedeeS metering 
jets l 

The pr888t di8tiibU$iOr8 -8 8en8itiV8 to th8 pilot SpraJr-nOZZl8 
pr8ssur8 and must be preset to control the anticipated maximum varia- 
tion in pilot nozzle pr888~r8. The high pr888IIr8 drop8 Of distri- 
butOr ps asd PS-VB! at th8 mBXimUm fuel-f- rat8 ssd the high 
preesure drop8 of diatributor8 PS-m and PS-TR-VM at the minimum 
fuel-flow rat8 18 dus to this 88n8itiVity Of th8 distributor to the 
pilot nOZZ18 pr888Ure~ 

Self-Setting di8tribUtor8 Sr8 not 88IBitiV8 to the pilot S-y- 
nOZZl8 pr888U??e al0n8 but &re SeILSitiV8 to the higheat Of ti th8 
IlOZZb pr08SUIT88. As 8 result, Self-80tting distributors have lower 
di&ributOr-pW8SUr8 &OpS i&an pr888t distributors. 

Selection of 8 dietributor on the b&ale of pressur8 drop &one 
indicates that di8~ibutors with both vari&bl8-&rea regulator jet 
aad variable-area meter- jet8 S28 IllO8t deeirable for Very tide . 
flow rangea. 

Accuracy. - Any distributar with 8 variable-area regulator jet 
will operate with improved accuracy cou@ared with any distributor 
withafi~ed-axearegulator jet- Th8impro~8mentwa8 demonstrated 
by th8 restit8 Of 8tUdi88 of the 8s-Vft dietiibutor (Varfable- 
regulator-jet mOdifiCati= Of tih8 aelf-88ttiIlg-diStiibUtor test 
model). The dataalso indicebted thatadi8tributortithfiXed-Srea 
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mstering jets will perform with better accuracy than a distributor 
with variable-area naet8ring jets. Distributor arrmgemnts PS-VR 
and SS-VR will p8rfOm with the best di8tribution accuracy. 

Range of spray-nozzle pr888Ur88. - Fuel-distsibutors PS and 
=-v'M can be US8d to feed O&y fixed-ares epray nOZZl88. The 
pressure-drop curve8 for distributor8 PS and PS-TM shown in 
figure 22 were computed for the condition at which the pilot spray 
nozzle is op8rating at its rated pressure drop. (&98 appendix B.) 
If the pilot IlOZZle pr886Ur8 8hOuld deCxeR88 below th8 rated preS- 
8Ure drop, th8 distributor Wiu. not fUIIctiCXI and th8 fU81 distri- 
bution 18 gOVerned by the r88i8tElIlC88 Of the VariOUS SpZ73y nOZZletO. 
Thus the range of controllable pilot nozzle pr8saures for distii- 
bUtOr Ps and PS-VM is limited. A compromise must therefore be 
mEtde between a short range of controllable pilot nozzle pressures 
and an 8xc8ssive distributor-pressure drop. 

Di8tributors pS-'VB and PS-VB-VM h&V0 Vari&bl8+%??8& 
re@&tO?? jet8 SXld lIl8y be Ue8d to feed va?Tiable-are& SpI'ay nOZZ188. 
(See appendiz B.) The pressure-drop curv88 for distributors PS-VB 
and PS-VB-VM in figure 22 were computed for vari8ble-area 8pray 
nozzles including the full range of anticipated pilot-noztle- 
pr88sUr8 VariatiOn and Wiu distribute fuel eqUa=y to 8U the 8pray 
nOZzl08 OVSt- the COIllpl0t8 r&nge of anticipated EQl’&y-nOZZle pr888w88 
If 8 nozzle preesure increased beyond the anticipated m8xhwn nozzle 
pr880t.ar0, the fuel flow to that nozzle till decmase and the fuel 
distribution Wiu. be altered. hl 8XCeptiOI.l OCCWTS WhOIk th8 pilot 
8p=y-nOZZl8 pr888tlI.8 iIICreaS88 above th8 Zll%xilXtllU pr08SIU.8 gbntici- 
p&ted. DI thfs C&S8 t&8 fuel di8tribution 18 undisturbed but the 
fuel-pr88Sur8 l&e1 at th8 ~II~CELUC~ to th8 di8tI?ibutOr will be 
increased. Also, if the pilot-nozzle pre8sure rices exceptionally 
high, the 8qUS.lizing tiv88 T.IE,y not fUIlCtiC2I beC8US8 8 ValV8 me& 
1888 th8n the minimum&r08 play be required. 

Self-setting diStiibUtOr8 Wiu, Operate Over aa. infinite Fange 
of con-kollable spray-nozzle pressures with one limitation. If an 
excepticm&.ly large difference should occur between any two nozzle 
p?2888llIP88 th8 0qUEdiZing V’EdVt9 in the 1ia8 feeding the lower nOZZl0 
pressure tllay not function because a valve area 1888 than the mini- 
mum 8re8 znay be reqUir8d. The fuel-preseure level at the inlet to 
Self-88tting distributors 18 a fIm2tiOn Of the highest Spray-nOZZl8 
pressure l Either fixed-area or Vari&bl8-f3r8a spray nOZZl88 may b8 
used with this group of distribtator8. %lf-88ttiIlg distributors 
should be selected for compenfiatkg a wide rang8 of spray-nozzle 
pres8ur8s. 

. 



NACARME5OFo5 29 

Selection campramise. - The final selection of a fuel distri- 
butormstbe a compromise to meettherequirements of a @ven 
application. For a 50 to 1 range of fuel-flow rates, sn SS-VR 
distributor is the most desirable distiibutor. The SS-VR dfstri- 
butor haa good accuracy, a wide re~age of controllable spray-nozzle 
pressures, and 8 relatively low mximmn-premure drop. The good 
performme chszacteristics of the SS-VR distributm are substan- 
tiated by the data presented. 

Use of the SS-VR distributor for flow ranges of the order of 
100 to lmay result in excessive maxImum pressure drops- In thfs 
case distributors PS-VR-VM or SS-VR-VM would have to be used in 
spite of the probable decrease in accuracg resulting from use of 
variable-area metering jets. The SS-VR-VM distributor fs a 
relatively complex distributor but retains a vide range of control- 
lable spray-nozzle pre&ures snd lower distributor pressure drops 
over the full range of fuel flaws. The PS-VR-TM distributor is 
less complex but has a narrower range of ccmtrollable spmr-nozzle 
pressures and hi&er distributor prewure drops over the full rsnge 
of fuel-flow rates. The choice will depend on the possible varia- 
tion of spray-nozzle pressures and the pressure potential available 
for distributing the fuel. 

Distributor Components 

Areas of varfable components- - The areas, sad area ranges 
required for variable conqments of each of the eight dfstributor 
arrangementsmaybe coqputedfromtherelations presented in the 
amlysis of appendix B and the conditions of the @pical problem. 
Theresulte of the compu-&tionssre shown inthe foIlowIng table: 

Distributor 1 %,min l'%,mexl % 1 %I % 1 Nb 

PS 
Ps-VR 
PS-VM 
ps-VB-VI4 
SS 
SS-VR 
SS-VI4 
8%VR-TM 

0.025 
-025 
.025 
-025 
.00372 
-01175 
-00372 
.oll75 
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Equalizing valve. - Equalizing-valve-area rangee required for 
fuel distributors shown in the precbdlng table indicate a valve- 
design problem.. The valve must be precisely balanced to regulate 
accurately the downetresm pressure of the metering jets. The 
balancFng probl8m precludes us8 of a cmlete shutoff valve. A 
piston-type valve can be accurately balanced but close fits of the 
order of O.OOOl-inch diametral cl earance would be required to meet 
the minimum-area r8quirem8nts. 

A further requirement of the valve is that it must be stable 
over the full range of ar8as. A ueeful guide to producing a stable 
valve ia a logarithmic relation b8iX8e.n are& and valve travel. 
The relation for computing th8 travel required at various fuel-flow 
rates is expressed as folkws: 

B= 
YlELX log - 
Wmin 

(20) 

where 

B valve travel, in. 

& mximum design-valve travel, in. 

W fuel-flow rate, lb/hr 

The area required for each fuel-flow rate W used in equation (20) 
maybe ccmputedfromthe fol&winge~eesion: 

(21) 

Ar8aa obtaFned from equation (21) plotted as a function of valve 
travel obtained from equation (20) result In a logarithmic curve. 
For the tide equalizing-valve-area rang88 required, an area change 
on the logarithmic curve is difficult to obtain. 

The size of the diaphragm operating the eqtiieing valve is 
another factor to consider. A large diaphragm wiU. regulate a 
deeiredpressurewith greateraccuracythana small diaphragm. A 
small metering-jet preesure drop can therefore be regulated by a 
large diaphragm with the s8me accuracy as a larger mstering-jet 
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pressure drop regulated by a smaller diaphragm. The choice depends 
on the space aVailable and the pressure drop aVailable for metering 
fU81. It may also be desirrtble to mini&se-the weight of the moving 
Va1V8 parts to IlliIlimiZ8 inertia effects. 

Variable length of flowpath. -Amthodfor controlling small 
flow rates at high pressure drops as applied to an 8quallzIng valve 
is shown in figure 23. The valve consist8 of a spool-type piston 
fitted in a sleeve with a predetermined clearance. The valve is 

'balanced by admit-t- fuel under pressure from the valve inlet to 
the bottom of the lower spool through the balance passage. For large 
fuelflmsandlowpressure drops , the piston operates in such a 
position that the open sx8a required is obtained by the exposed 
length of slots cut d.n the upper ~001 of the pistm. For low fuel 
flows and high pressure drops the piston is allowed to tra.vel into 
the sleeve beyond the end of the slots in the piston, such as the 
position shown in figure 23. Fuel flow occurs as leakage throu& 
the cl earance on both ends of the spool. The flow throu& the 
leakage path 18 a function of pressure drop, radial clearance, 
length of path, diameter of piston, and the fluid properties. The 
relatim for fluid flow through thin ammlar clearan C8S iS giPeIl 
in reference 6. For a given valve and a given fluid, sll quantities 
&Z'8 COIlStsIlt except the pr8SSIE8 drop , the length Of path, and th8 
flow rate. Fora constantpressuredrop , the flow increases in a 
hyperbolic relation with decrease in the length of flow path- Thg 
hyperbolic relation can be made to closely apprOmte a logarithmic 
relation. A valve incorporating a variable length of flow path is 
inherently S&b18 when the variable length of path is prop8rly 
matched to the variable-area portion of the val~8 Wa.vel- 

The theoretical relations for flow through thin annular .' 
clearances may not be valid for short lengths of flow path where 
the flow entrance and exit effects become appreciable. Turbulent 
flowmay8Xistand the eXactflowrt3lationuillvarywiththe ml.ve 
design. The relaticms, howmer, are sufficiently aCCUI?ate for 
approximating a valve design- 

The variable length of flow path allows use of reasonable 
clearances between the piston and sleeve- For example, control of 
a rate of flow of 10 pounds per hour at a pressure drop of 100 pounds 
per sqwe inch would require an effective area of O.OOOU588 square 
inch. The diametza.l.clearance for a 0.25~inch-diamterpistonto 
obtainO.0000588 square inchasaminimmareawouldbe 
0.0001498 inch. Use of a length of flow path equal to 0.125 inch , 
for the same conditions results in a diametza.1 clearance of 
0.001621 in&-which is more than ten times the cl 8.arance required 
for the variable-area valve. 
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Variable-area regulator jet. - The principle of variable length - 
of flow path is useful in design of a variable-area regulator jet. 
The variable length of path t113i b8 psed to m8tir the fiow at l& flow 
rates and a variable area laay be used at the high flow rates. 0 

Pilot resistance valve. - The pilot resistance-valve comtzuc- 3 
tion may be similar to the equalizhg-valve Construction. The maxi- 
mum area is as large as space permit6 to reduce the pilot-valve 
pressure drop to a minimum in the event the pilot epray nozzle has 
the hi~eet resistance. 

Variable-area meter- jets. -The lllatimumarea of round variable 
metering jets is determined. by the maximum desired pressure drop at 
the maximum fuel-flow rate. The minimum area is as large as possible 
consistent with the minimum pressure drop controllable by the 
equalizing valves at the minimum-flow rate. The minimum area is as 
large as possibl8 to minimize the effect of hole-size variations 
betwean jets. 
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(a) dssembled a.latr~butm. 

(b) Msaasembled BectioncrPabaefa diskdbutorforfeedingfuelto -hroepr~ynozzlea. 

m .gure 2. - B~~eiofueldh-trIbutorforfeeding 14 quqx=mL=a. 
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FQure 6. - Bohensatio dQa@znn cf 8 BeIf'-setting fuel dletrfbutce with mrisble-arem 
metering jet8 sllarariable-emea regalator jet. 
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Figure 7. - Sohanatio diagram of variable-areametering-jet unitusedfarbenohrms. 
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Bigure 9.- Schematic diagram ofbenohalrparatue ueedin8tudies aP variable-area 
metering jets. 
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Figure 10. - Distribution acamcy of basic iusl distributor fesdLng 14 noteles. 
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Figure 1’1;. - Qarfation of pressure drop with fuel-spray nozzle 
fuel-flow rate for basic fuel distributor. 
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Figure 12. - Range of controllable fuel-spray nozzle pressures for 
basic fuel distributor. Shaded area indicates range of 
controllable nozzle pressures. 
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Figure 13. - Calibration spread of variable-area f'uel-spray 
nozzles used in benoh runs of self-setting f'uel 
dfstributor. 
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Figure 14. - DlstAbutlon accmacy of self-setting fuel distributor feeding 14 nossles. 
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Figure 16. - Calibration spread of variable-area fuel-spray nozzles used in bench investigation 
of self-setting fuel distributor with variable-area regulator jet. 
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Figure 1’7. - DistributI.on ammraeg of self-setting fuel distributor with variable-area 
regulator jet feeding LO nozzles. 
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Figure 1% - Range of controllable epray nozsle pressurea for self-setting fuel distributor 
with variable-area regulator jet. 
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. (a) Preset with fixed-8Fe.2 jet6 (PS), 

(b) Preset with variable regulator Jet (m-m)- 
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Variable-area 
metering We- 
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(c) Preeet with variable-area metering jete (Ps-VM). 
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f me1 inlet “1 PIlot 6pmJ nozzle 
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(a) Preset with variable-area regulator and metering jet8 (PS-VR-VM). 

FQux'e 21. - Contirmed. Line -wings d eight possible fuel-distributor acta,qements. 
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(e) Self-a&tingwithfIxsd-area j&B (Ss). 

Mstering jets 

Spray nozzle8 

(f) &elf-aettt;tlag with variable-area rergulator jet (88-m). 

Figure 21. - continued. Line dravinge uf eight possible fuel-distributor arrangemepts. 
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(g) EW.f'-setting with variable-area metering jets (s-V%f). 
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(h) Self-8ettIng tith variable-area regulate and meter- jets.(89-m-m). 

Figure 21. - Concluded. Lfne dxwinge of eight possible fuel-distributor 
arrangements. 
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Figure 28. - Variation of distributor-pressure drop with 
fuel-flow rate per spray nozzle for eight fuel-distributor 
arrangements for same typical application conditions. 
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